¢

LAWRENCE
LIVERM ORE
NATIONAL
LABORATORY

LLNL-CONF-644012

Rugby Hohlraum Campaign on
the National Ignition

P. Amendt

September 19, 2013

IFSA Conference
Nara, Japan
September 8, 2013 through September 13, 2013



Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC,
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product
endorsement purposes.



Rugby Hohlraum Campaign on the National Ignition
Facility: Status and Comparison with Modeling

Callahan, Hinkel, Kline, Lasinski, Meeker, Michel,
Milovich, Moody, Park, Philippe, Ross, Schneider,
Storm, Town and Amendt

CEA Design Team

IFSA2013 Nara, Japan
Sept_ 9 2013 LLNL-PRES-xxxx

Research supported by Ignition Program and LIFE Target Design LDRD-SI

NYSS eceneracaromcs DT | KN betony

Sty

This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344



INTRODUCTION

Ignition campaign on the NIF using hohlraums must
achieve high energy coupling and implosion symmetryt

. Angle of incident
* Incident laser beams generate laser beams 23 .
soft x rays at Au wall 30°
4452 2
50°

Laser beams

- Tr~300 eV is needed to drive capsule
to high implosion speed (~370 um/ns)

- sources of x-ray and electron preheat
must be controlled for low fuel adiabat
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» X-ray drive on capsule must be l
highly uniform to £1%
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- inner beam propagation in cylinders /‘
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w/ CH capsules require high A\ for

strong XBET and adequate symmetry F 7 \\ Hohlraum

Can hohlraum shape be optimized to

reduce need for strong XBET? -
T See plenary talk OP.Mo_A4 by J. Edwards



Potential advantages of a rugby hohlraum on the NIF: &

(1) Higher drive or (2) improved symmetry and propagation

“575”
“575
Rugby’ * Same diameter rugby as “575” cylinder,
but ~30% less Au surface area:

23° Cone
— > 20% higher E_,, for same E, and P,

~

“700 Rugby”

or

« Same surface area rugby as “575”
cylinder, but larger diameter:

“575”

— has higher case-to-capsule ratio for
improved flux symmetry

— greater beam clearances, lower

\ 23° Cone

“700 rugby” was chosen to facilitate beam propagation and achieve good
symmetry without use of large A\ for XBET

density => better beam propagation




“700 Rugby” preshot modeling showed lower plasma
density and robust inner beam propagation at 19.5 ns

e Initial rugby He fill is 1.20 mg/cc; 0.96 mg/cc for companion cylinder
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SUMMARY

First rugby shots showed improved energy coupling,

but significantly “pancaked” low-foot CH implosions

Rugby: 93% coupling
Cylinder: 87% coupling

Rugby
Cylinder

R A

inner inner outer
SRS SBS SBS

Implosion shape consistent with
LLNL calc’s only with Au-He mix

1.3 MJ shot

by inner cone SRS

Rugby backscatter dominated

745 kJ 1.3 MJ

Data o

P2/P0 = -41
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LLNL

(WI mix) P2/P0 = -24% P2/P0 = -49%
CEA* =2
(w/o mix)

P2/P0 = -50%

P2/P0 = -34%

* P. Gauthier, J.-P. Leidinger

Rugby hohlraum platform provides potential for improving
coupling efficiency and optimizing symmetry without high XBET




BANGTIME (N130318)

Simulated x-ray bang time is ~22.6 ns,

or nearly 300 ps earlier than gated x-ray detector (GXD)

 No multipliers were used in 2-D
hohlraum simulations

- fully Lagrangian while
laser is on, highly resolved
zonhing

- nonlocal electron transport
is implemented

- used measured back-
scatter SRS, SBS histories

-1A wavelength separation
(weak transfer of outer cone
energy to inners by design)

Self-emissio
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Rugby drive reduction is ~1/2x

inferred in cylinders




Rugby data show surprising differences with LLNL
simulations for capsule implosion asymmetry
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HYPOTHESES

Large differences between data and LLNL modeling
of x-ray imploded core images call for explanations

 More Au hohilraum wall motion than (LLNL) simulated is strong
candidate

- LLNL non-LTE model is based on XSN

- CEA non-LTE model is based on tables
(Busquet)

 Rugby shape amplifies effect of impaired inner beam
propagation compared with cylinders

- He/Au mix from Rayleigh-Taylor (RT) instability?

- Au infiltration of He from plasma kinetics?

- Hydrocoupling? Reversed XBET? Larger 3D bubbles?
Refraction?

Dramatic rugby result demands explanation that could even impact

understanding of cylinders



LEH view (SXI)

3-5 keV x-ray images of LEH show evidence of inner
beam clipping not seen in simulations, i.e., a “halo”

SXI-Upper 50 ym Ti+ 2 pm Cu + 1
um polyimide 25 um PH Mag=2X
CLEAR Aperture: 3.09 mm

2D SIMULATIONS LINEOUTS

Blue: with mix
Black: data

Phi = ? Halo at LEH

0.0156288 2378.08 4756.15 713422
coums




0.75 MJ shot

3D simulations show only modest outer cone “bubbles’

- too small to hinder inner cone propagation at late time

3D (2.25° zoning)
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VIEWFACTOR CYLINDER

However, hard (3-5 keV) x-ray data show clear wiggles
in the outer-cone spots that are absent in 3-D HYDRA"

*Courtesy of
Nathan Meezan

Static X-Ray Imager (SXI)

LEH_O 2.87500
bkqd 34,0344 ____°
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HYDRA simulation does not show observed large “gold bubble” for 50° quads,
which could potentially hinder inner cone propagation in rugby hohlraums
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HOHLRAUM MIX

Au could infiltrate He during drive trough
via hydro-instability, e.g., Rayleigh-Taylor

He/Au Interface speed?
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* Early time laser speckle can seed instability on speckle width scale: x,=27A

e Gain-length product ~ \/At- <g>"2m/x, -t=16 =>Nonlinear saturation

* Youngs-type nonlinear mix model (~ a At- gt”) gives mix width >100 um



HOHLRAUM MIX
Application of mix model shows impeded inner cone |

propagation in Au/He mix region, leading to asymmetry

e Apply fall-line analysis in 2D integrated hohiraum simulations, using
50%, 100% penetration fraction from classical fluid interface to fall line

130318 (100% 130502 (100%

130318 (50%

Laser
deposition

229 ns  0um 224ns  2=49um
OBSERVED: 251 eV  a/a=-32% 283 eV a,/ay=-71%
------- aja=14% Y =1.8x101" a./a=39%




Priority is to understand dramatic asymmetry, then
apply remedial measures for control and testing

 Unexpected asymmetry in new platform requires understanding

- high core asymmetry is consistent
with (200-300 um) more wall motion

- inferred higher wall motion could be

present in cylinders, affecting required
degree of XBET

* Higher inferred wall motion requires cures:

- repoint beams? ¢/ Radius [mm]
- turn OFF problematic 23° beams?
- larger LEHs, smaller phase plates, higher foot, i.e., more gas fill?

- split quads in azimuth to reduce risk of 3D “bubble” growth? v

e Strong collaboration with CEA scientists will lend independent voice
on resolving relative role of NLTE and mix physics



Simulated rugby symmetry is sensitive to degree
of wall motion in vicinity of outer cones

CEA/LLNL calculations show that CEA proposes reshaping
repointing outer cone improves rugby to reduce sensitivity to
symmetry modeling
Repoint new shape proposed

outers by CEA, France

by 500 um —
2.5 at.% Ne \
(mm) -

LLNL w/ mix Repoint LLNL w/ mix

i outers \ current shape
-y by 400 um

Hohlraum x dimension (mm)

e
2.5 at.% Ne
Hohlraum wall further
Repoint away from axis but same wall
outers Expt area maintained

Proposed
—) FY14




SUMMARY

First rugby shots showed improved energy coupling,

but significantly “pancaked” low-foot CH implosions

Rugby: 93% coupling
Cylinder: 87% coupling
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Rugby hohlraum platform provides potential for improving
coupling efficiency and optimizing symmetry without high XBET







In a typical hohlraum, a small fraction of the -!

illuminated wall is visible by x-ray diagnostics

T, profiles and gold/gas Static x-ray imager (SXI-L)
boundary for 2-sided hohiraum data through LEH
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[ ]
SBS levels remained low at full energy;
SRS roughly scaled with laser energy
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BACKSCATTER

mGain spectra from simulations that match N130

symmetry compare favorably with experimental spectra
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Preshot Rugby 700 simulations showed higher electroni |

temperature and potential for reduced SRS backscatter

* Initial rugby He fill density is 1.20 mg/cc; 0.96 mg/cc for companion
cylinder

12031203

N120909



SYMMETRY (2")

Second rugby shot showed extreme core asymmetry,
in marked constrast to pre-shot simulations (~round)

Courtesy of N. Izumi, S. Khan and T. Ma
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SUMMARY (1)

First rugby shot was fielded on March 18, showing
good coupling but marginal symmetry at 750 kJ

 Hohlraum coupling efficiency was high at ~94.5%

- inner cone backscatter was dominant (SRS)

- SBS levels were in the noise on all beams

e x-ray bang time was ~300-500 ps late compared with simulations
- GXD may have missed brightest core image
* Core image was “pancaked”, in contrast to simulations

- cool hohlraum (low T,) driven at ~700 kJ may have thwarted
inner beam propagation

 Measured Au M-band fraction (pre-heat) was low (~12%), as predicted
(~10%)



First two NIF rugby hohlraum shots gave low
backscatter but significantly asymmetric implosions

» Overview of rugby hohlraum properties

 March 18 shot (750 kJ) a

« May 2 shot (1300 kJ)

Inner cones

» Potential Au-He hohlraum “mix” scenario for explaining data trends

e Options and Future

Rugby hohlraum platform provides potential for improving
coupling efficiency and optimizing symmetry without high XBET



Ramp up laser power and energy to near ignition-like
conditions, while assessing SBS levels and optics damage

Rugby “Walk-Up” to Peak Power and MJ Rugby “Walk-Up” to Peak Power and MJ
Fovooboovoobero ooy bvaaa byl
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We proposed to use one each of 23, 30, 44.5 and 50° quads to look
ahead — Run at 375 TW 1.335 ns for 1st shot and full 2.6 ns for 34 shot



Rugby shaped hohlraum allows more volume over

the capsule waist for the same hohlraum wall area

Rugby vs cylindrical hohlraum

3023 » Expect rugby to

G R — Improve inner beam

: propagation due to lower
plasma density around
capsule waist

— Less crossbeam transfer
required for round implosion

— Possibly reduce backscatter
on inner cone

— Risk of increased SBS on
outer cone

Rugby hohiraum part

.'xr

First NIF rugby experiments
done in March and May, 2013
(N130318, N130502)

P Amendt talk




Rugby 700 hohlraum was predicted to provide

inner beam propagation without need for XBET

* Greater 23° cone capsule clearance (28% larger) than cylinder

- but inner cone pathlengths are longer

e Simulations show absence of cylinder hohlraum blowoff “bubble”
that complicates analysis of inner beam propagation and
backscatter

e Less Au M-band (>1.7 keV) fraction is predicted (31% smaller)

Both mainline CEA and LLNL preshot simulations
showed nearly round implosions



CHALLENGES

Rugby hohlraum may present higher outer
cone SBS (Brillouin) backscatter due to more obliquity

e Outer cone grazing angle leads to less gradient stabilization,
longer path length through dense Au and possibly higher SBS

- but OMEGA vacuum vs gas-filled rugby data showed markedly
lower backscatter when hohlraum blowoff is well tamped

0.4cm

- preshot analysis of SBS
showed risk in outer cones

T (0.0 mm, 5.722 mm)

- “borating” Au could help remedy
if SBS is high

- modifying rugby shape near LEH
might help, e.g., “super ellipse” 0

0.6 cm

* Longer laser path lengths for 700-scale rugby






